Aim To quantify ciliary body position variability in glaucoma patients in order to determine if scleral transillumination should be used routinely to guide contact probe placement during cyclodestructive procedures.
Introduction
The pars plicata of the ciliary body is the site of aqueous production within the eye. In patients with refractory glaucoma, ablation of the ciliary processes using transscleral diode laser treatment delivered via a contact probe (cyclodiode) is a recognised therapeutic option to lower intraocular pressure. However, the optimal location for probe placement remains controversial. 1, 2 Previous light microscopy studies on a small number of human autopsy eyes have suggested optimal placement of the beam for the non-contact method to be 1.5 mm posterior to the corneoscleral limbus, 3, 4 and 0.5-1.0 mm for probe placement in contact cycloablation. 5 However, the position of the ciliary body has been shown to be variable in different eyes and to vary with axial length. 6 Thus, the optimal site for transscleral cycloablation may vary in different glaucoma patients. As an example, histological examination following 360-degree contact diode laser ablation 1.2 mm from the limbus revealed evidence of viable ciliary processes outside the treatment zone. 7 Ultrasound biomicroscopy and transillumination can aid localisation of the ciliary body in individual patients and have been proposed as useful techniques to ensure that cyclodiode laser treatment is directed to the pars plicata. [7] [8] [9] Ciliary body transillumination has been advocated in the context of congenital glaucoma, high myopia, and distortion of limbal anatomy secondary to previous surgery. 10 However in otherwise normal eyes there is currently a lack of consensus on the necessity of localising the ciliary body before cycloablation.
To our knowledge the variability of ciliary body position in glaucoma patients has not been methodically investigated using transillumination techniques in a large case series. The purpose of this study was to quantify this variability in a group of glaucoma patients to assess if transillumination should be performed on all patients before the delivery of cyclodiode laser treatment.
Materials and methods

Patient selection and methods
One hundred and five consecutive patients over the age of 18 years with a confirmed diagnosis of glaucoma (on the basis of confirmed optic disc and/or visual field changes) and on topical ocular hypotensive treatment were recruited from the glaucoma clinics at either Addenbrooke's Hospital, Cambridge or West Suffolk Hospital, Bury St Edmunds, United Kingdom between June and November 2006. Of these, 105 consecutive patients, 5 were excluded because of inability to comply with the examination.
After obtaining informed consent, a drop of proxymetacaine hydrochloride 0.5% preservative-free solution was instilled into each eye. It was noted whether the eye was phakic, pseudophakic, or aphakic. Other previous ocular pathology or surgery was also documented along with the patient's refractive error. The clinic room was darkened and a 495NL fibre optic light source (Karl Storz, Tuttlingen, Germany) was directed 4 mm posterior to corneoscleral limbus in each quadrant to identify the ciliary body by transscleral transillumination. The dark demarcation line was identified as the anterior margin of the ciliary body and surgical callipers were used to measure the distance between the visible corneoscleral limbus and the ciliary body ( Figure 1 ). The corneoscleral limbus was identified as the clear boundary between the conjunctiva and cornea. All measurements were performed by one observer. Measurements were taken in the superior, nasal, inferior, and temporal quadrant of each eye and recorded to the nearest 0.5 mm. A separate cohort of 10 glaucoma patients underwent transscleral transillumination of their right eye as described by two independent observers to assess the strength of agreement between measurements.
It is our practice to transilluminate transsclerally to reduce the theoretical risk of retinal phototoxicity in eyes with advanced glaucoma, but transillumination is performed transcorneally in other centres. Therefore, to determine if the method of transillumination affected the interpretation of ciliary body position, a further 10 glaucoma patients underwent transscleral transillumination of the right eye in four quadrants using the method described above, as well as direct transillumination by shining the illuminating beam through the centre of the cornea.
All applicable institutional and governmental regulations concerning the ethical use of human volunteers were followed during this research.
Statistical analysis
Statistical analysis was performed using Graph Pad Prism 3.0 (GraphPad software Inc., San Diego, CA, USA). P-values of o0.05 were considered to indicate statistical significance. Data analysis were performed using a twotailed paired Student's t-test where data approximated to normal distribution and the Mann-Whitney U-test otherwise.
Where patients had bilateral glaucoma, one eye was randomly selected for inclusion in the analysis of variability between patients. Linear regression analysis was performed to assess the relationship between mean ciliary body position and mean sphere of the refractive error in phakic patients.
Results
A total of 180 glaucomatous eyes of 100 patients were evaluated. In all, 48 patients were female and 52 patients were male. Ninety-seven patients were Caucasian, three patients were Afro-Caribbean, and one patient was Asian. The mean age was 70.3 ± 11.6 years. Seventy-one patients (73.9%, 133 eyes) had primary open-angle glaucoma, 17 (16.7%, 30 eyes) had normal tension glaucoma, 9 (6.7%, 12 eyes) had secondary glaucoma, 2 (1.7%, 3 eyes) had chronic angle-closure glaucoma, and 1 (1.1%, 2 eyes) had aphakic glaucoma. One hundred and thirty-six eyes (75.6%) were phakic, 40 (22.2%) pseudophakic, and 4 (2.2%) were aphakic. Seventeen patients had undergone previous glaucoma drainage surgery, three patients had undergone squint surgery, and another three patients previous retinal surgery. The mean position of the anterior border of the ciliary body was 2.98±0.36 mm from the limbus in the right eye compared to 2.96±0.36 mm in the left eye ( Table 1) . The ciliary body position in each quadrant of each eye was highly correlated (r ¼ 0.78 superior quadrant; r ¼ 0.77 temporal quadrant; r ¼ 0.80 inferior quadrant; r ¼ 0.68 nasal quadrant). The ciliary body was located consistently more posteriorly in the superior and inferior quadrants than the nasal and temporal quadrants (Po0.001), with the superior aspect of the ciliary body the most posterior. The mean position of the anterior border of the ciliary body was greater than 1 mm more posterior in the superior quadrant than in the nasal and temporal quadrants (Table 1) . Variation in ciliary body position was slightly greater in the superior quadrant relative to the other quadrants and the range of values wider (2.0-5.0 mm). Measurements undertaken by the two independent observers showed 100% agreement of ciliary body position within 0.5 mm in the superior, inferior and nasal quadrants, and 80% agreement in the temporal quadrant. Comparison of ciliary body position in all four quadrants in a separate cohort of 10 glaucoma patients using both transscleral and transcorneal transillumination suggested that the transscleral approach may locate the ciliary body slightly more posteriorly (Table 2) . However, the difference did not reach statistical significance in any individual quadrant (P ¼ 0.18 superior quadrant; P ¼ 0.12 temporal quadrant; P ¼ 0.24 inferior quadrant; P ¼ 0.24 nasal quadrant, Table 2 ).
There was no significant difference in ciliary body position in any individual quadrant between phakic and pseudophakic/aphakic eyes (Table 3 ). Statistical analysis of mean ciliary body position between phakic and pseudophakic/aphakic eyes also showed no significant difference (P ¼ 0.88, Table 4 ). The mean range of ciliary body position in individual phakic eyes was 1.18 mm (SD ¼ 0.47 mm), compared to 1.29 mm (SD ¼ 0.49 mm) in pseudophakic/aphakic eyes. CI, confidence interval; SD, standard deviation. All values are in mm from limbus to anterior margin of ciliary body as assessed by transscleral transillumination. Total n ¼ 100 eyes of 100 glaucoma patients (for patients with bilateral glaucoma, one eye was selected randomly for inclusion in the analysis).
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The mean sphere of phakic eyes ranged from À12.88 to þ 4.75 dioptres. Linear regression analysis indicated a statistically significant correlation between mean ciliary body position in phakic eyes and mean sphere (r 2 ¼ 0.052; P ¼ 0.047, Figure 2 ). However, when the six eyes with greater than 4 dioptres of myopia were excluded from the analysis, the relationship between ciliary body position and mean sphere was not significant (r 2 ¼ 0.002; P ¼ 0.70).
Discussion
Direct visualisation of the ciliary processes is not usually possible when cyclodestructive procedures are commonly performed by the transscleral approach. Thus, the ablative energy is directed toward an 'invisible' target unless indirect methods are used to determine ciliary body position. Ciliary body transillumination is used routinely by some ophthalmologists as a complementary tool for cyclodestructive procedures. It is thought to demarcate the pars plicata accurately and enhance probe placement. 9, 11 Others perform cyclodiode ablation using parameters similar to those evaluated in cadaver eyes, 12, 13 although most of these measurements were calculated on only a few autopsy eyes and therefore may not be representative of glaucoma patients in general.
Using transillumination, we have demonstrated that ciliary body position varies in different quadrants of individual eyes. We have shown that the superior ciliary body lies most posteriorly, with an anterior margin ranging from 2 to 5 mm from the limbus and a mean location 1 mm posterior to either horizontal quadrant. Both horizontal quadrants were located more anteriorly and equidistant from the limbus. This pattern concurs with a previous report where pars plicata position was assessed histologically.
14 It therefore appears that cyclodiode laser treatment directed at a standard distance from the corneoscleral limbus may not be ideal. However, delivery of laser energy to areas of the ciliary body other than the ciliary processes may still have some effect on intraocular pressure. 15 The anterior margin of the ciliary body as measured by transillumination in our study was more posterior than the pars plicata position measured histologically by Prost, who found the pars plicata to be situated approximately 1.7 mm posterior to the corneoscleral limbus superiorly, 1.4 mm inferiorly, 0.9 mm in the nasal quadrant, and 1.0 mm temporally.
14 It is therefore possible that the pars plicata may lie slightly anterior to the ciliary body margin as identified by transillumination. This should be taken into account for cycloablative treatments, such as cyclodiode, commonly performed using the OcuLight SLx 810 nm diode laser together with the Iris G-probe (Iris Medical Instruments). Laser energy is transmitted through a 600-microndiameter quartz fibre protruding 0.7 mm from the G-probe contact surface, 1.2 mm from the limbus. 16, 17 The design of the G-probe ensures energy is delivered more posterior than the indent made by the fibre protrusion. 18 Our results suggest that G-probe placement 1.2 mm from the corneoscleral limbus may be sufficient to ablate the ciliary body in the horizontal quadrants; however, it may need to be moved more posteriorly in the vertical quadrants to achieve a similar effect. The smaller treatment area with cyclodiode compared to cryotherapy suggests that exact probe placement is likely to be more critical.
Transillumination of the ciliary body has been recommended in buphthalmic eyes and other conditions associated with abnormal ocular size, as well as in eyes with pannus, arcus senilis, or previous surgery where exact localisation of the corneoscleral limbus is difficult. 8, 10 In our study, the good agreement of measurements in all four quadrants between the two observers suggests that the corneoscleral limbus was consistently identified.
We routinely perform transscleral transillumination to reduce the theoretical risk of retinal phototoxicity, although we are unaware of any clinical study demonstrating such phototoxicity in glaucoma patients. As other centres routinely perform transcorneal transillumination and as the angle of transillumination might affect the observed position of the ciliary body shadow, we measured ciliary body position by both methods in a further group of patients after the main study had been completed. We found no significant statistical difference in ciliary body position in each quadrant as identified by transscleral and transcorneal transillumination.
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Our results demonstrated a significant correlation between mean ciliary body position and myopia. Although the strength of the correlation was weak, all six of the patients with more than 4 dioptres of myopia had a mean ciliary body position of greater than 3 mm from the limbus. When eyes with greater than 4 dioptres of myopia were removed from the regression analysis the relationship between mean ciliary body position and myopia was not significant. Transillumination may therefore be particularly useful in high myopes where the ciliary body may lie more posteriorly. We did not observe consistent differences in ciliary body position between different types of glaucoma, although the study was not large enough to exclude the possibility that such differences may exist.
From our results, we would predict that transillumination should improve the consistency of outcome in cyclodestructive procedures, but a randomized, controlled clinical study would be necessary to determine the effect of transillumination on treatment success.
In summary, we are aware of no previously reported study that has assessed ciliary body position variability using transillumination techniques in a large number of glaucoma patients. The results of our study indicate that ciliary body position relative to the limbus may vary markedly between different quadrants of the same eye and between different glaucoma patients. Ciliary body position also varies significantly with refractive error, although the correlation is relatively weak. Ciliary body transillumination on patients prior to cyclodiode laser treatment may therefore have implications for optimal probe placement and potentially therapeutic outcome.
